We have isolated an unusual codon-specific translational suppressor in Escherichia coli. The suppressor resulted from a spontaneous mutation in a chromosomal gene during a selection for suppressors of the auxotrophic nonsense mutation trpA(UGA211). The suppressor allows readthrough of UGA mutations at two positions in trpA and at two sites in bacteriophage T4. It does not, however, suppress amber (UAG) or ochre (UAA) mutations that were tested in both genomes, some of which were at the same positions as the suppressible UGA mutations. The suppressor also does not allow mistranslation of the UGA-related tqpA missense mutations UGG at positions 211 and 234, AGA at 211 and 234, CGA at 211, or UGU and UGC at 234. The suppressor mutation was mapped by genetic procedures to position 89 on the E. coli genetic map. Localization of the suppressor mutation to rrnB was achieved by cloning it in the low-copy-number plasmid pEJM007 by in vivo recombination from the chromosome. Recloning in bacteriophage M13 and subsequent DNA sequence analysis allowed the identification ofthe suppressor mutation as a deletion of the cytidylic acid residue at nucleotide position 1054 of the 16S ribosomal RNA. The mutant EcoRI-Xba I fragment from the suppressor gene was recloned, from M13, in an otherwise wild-type rrnB in the plasmid pEJM007, and UGA suppression was examined. The UGA-suppressing activity of the reconstructed suppressor-containing pEJM007 was indistinguishable from that of the original recombinant suppressorcontaining plasmid. This result demonstrates that the C1054 deletion in 16S rRNA is both necessary and sufficient for UGA suppression. The existence of this mutant suggests an important role for rRNA in codon recognition, at least for accurate polypeptide chain termination.
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The hypothesis of suppression (that is, the mutational but nonreversional alleviation of the effects of a mutation) by a change in the transmission of information from gene to protein was suggested some 28 years ago (1) . Although the hypothesis focused mainly on the involvement of mutant tRNAs or altered aminoacyl-tRNA synthetases (2, 3) , it nevertheless allowed for the involvement of the ribosome or other translational macromolecules (4) . Gorini suggested, however, that ribosomal suppressors should lack the codon specificity of tRNA suppressors (4) . That expectation has been borne out. To date, the only well-characterized codonspecific suppressors are altered tRNAs or enzymes that affect tRNAs (5) (6) (7) (8) (9) (10) 
MATERIALS AND METHODS
Bacteriological. Bacterial strains used in this study were derived from E. coli K-12. The nomenclature for trpA mutations and suppressor genes has been described (8) . In particular, trpA(UGA211) designates the entire trp operon, with the normal alleles of all trp genes except for the trpA mutation, in which the codon UGA occurs in place of GGA at codon position 211 in the mRNA for tryptophan synthetase a-chain. The trp genes, with specific trpA mutations, were contained in the cysB trp tonB region of the chromosome carried by the Fredericq episome, a conjugative plasmid (14) . Specific strains are described at first mention in Results. The method for screening prototrophic derivatives of an auxotroph to distinguish suppressed mutants from revertants has been described (15) . The plasmid pEJM007 is a low-copy (two per cell) plasmid that contains the rrnB ribosomal RNA operon. It was constructed by the insertion of rrnB into the unique BamHI site of pDPT487 (16) . Plasmid DNA preparation and transformations were carried out essentially as described by Maniatis et al. (17) . Media and other genetic procedures are described elsewhere (15, 18, 19) (16) .
The low-copy plasmid was introduced into our suppressor strain by the selection for chloramphenicol resistance (CmR), which is conferred by the plasmid. The resulting strain, KL1639, was purified by two single-colony isolations, and a liquid culture (L broth plus chloramphenicol) was grown up from a low inoculum to allow recombination between the plasmid-borne and chromosomal rrn operons. The plasmid population was then isolated from the entire culture and used to transform a suppressor-free trpA(UGA211) strain (LJ076 (22) (23) (24) (25) (26) (27) . Consequently, we inserted into M13mpl9 the EcoRI-Xba I restriction fragment of rrnB from the suppressor-containing pEJM007 (see fig. 4 of ref. 16 ). This 1050-base-pair fragment runs from nucleotide 675 of the 16S rRNA into the coding portion of tRNAGlU. The sequence of this DNA fragment was determined according to the method of Sanger et al. (20) , using seven different primer molecules. A single mutational alteration in this fragment was apparent-namely, deletion of the cytidylic acid residue at nucleotide position 1054 of the 16S rRNA. In lieu of sequencing the rest of the rrnB operon from the suppressor plasmid, we sought to reconstruct a suppressor-containing plasmid, using the already sequenced mutant segment, and to examine its suppressor characteristics.
Consequently, we recloned the mutant region from M13mpl9 into an otherwise wild-type rrnB operon in pEJM007. To confirm that the recloning had not altered the mutant sequence, the EcoRI-Xba I fragment was excised from the new construct, recloned into M13mpl9, and sequenced. We then demonstrated that the reconstructed plasmid suppresses the UGA mutations in a manner indistinguishable from that ofthe chromosomal suppressor or the original recombinant suppressor-containing pEJM007. This result demonstrates that the C1054 deletion is both necessary and sufficient for the observed UGA suppression.
DISCUSSION
We have isolated an unusual translational suppressor: a mutant ribosomal RNA that suppresses UGA mutations. It was isolated in E. coli as a mutant form of a chromosomal rrnB, one of the operons for ribosomal RNA. Clearly, the existence of seven rrn operons in E. coli does not prevent the isolation of chromosomal rRNA suppressor mutants. Nucleotide sequence analysis of the rrnB suppressor gene revealed that the mutation is a deletion of C1054 in the 16S rRNA. In accordance with the designation of rrs as the symbol for genes coding for the rRNA of the small subunit and with the accepted nomenclature for suppressor mutants (8, 28) , the Proc. Natl. Acad. Sci. USA 85 (1988) (Fig. 1) . The 5'-UCA-3' triplet in that region and the nearby 1053-1054 "bulge" are highly conserved features of 16S-like rRNAs (25) . Furthermore, it is interesting that in Mycoplasma capricolum UGA is not a termination codon but instead codes for tryptophan (32) , and in this organism the 1199-1204 region of 16S rRNA has the sequence 5'-CUACUA-3' rather than 5'-UCAUCA-3' (25 
